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REMARKS 

l 

Favorable reconsideration, reexamination, and allowance of the present patent 
application are respectfully requested in view of the foregoing amendments and the 
following remarks. No new matter is added by the foregoing amendments. Applicants 
greatly appreciate the withdrawal of the rejections as indicated by the Examiner on page 
2 of the Office Action. 

Rejection under 35 VS.C. § 112, second paragraph 

In the Office Action, beginning at page 2, Claims 7-9, 12 and 13 were rejected 
under 35 U.S.C. § 1 12, second paragraph, as reciting subject matters that allegedly are 
indefinite. Applicant respectfully requests reconsideration of this rejection. 

Claims 7 and 12 have been amended to recite the term “is” in place of 
“comprises.” Claim 9 has been amended to recite the terms “consisting of’ in place of 
“comprising.” Claims 8 and 13 have been cancelled without prejudice. 

For at least the foregoing reasons. Applicant respectfully submits that Claims 7 
and 12 fully comply with 35 U.S.C. § 1 12, second paragraph, and therefore respectfully 
requests withdrawal of the rejection thereof under 35 U.S.C. § 1 12. 

Rejection under 35 U.S.C. § 112, first paragraph 

In the Office Action, beginning at page 3, Claims 1 and 6 were rejected under 35 
U.S.C. § 1 12, first paragraph, as reciting subject matters that allegedly contain subject 
matter which was not described in the specification in such a way as to reasonably 
convey to one skilled in the relevant art that the inventors, at the time the application was 
filed, had possession of the claimed invention. Applicant respectfully requests 
reconsideration of this rejection. 

Applicants respectfully assert that the Examiner cannot per se require recitation of 
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the nucleotide sequence of a known gene in the specification, or the claims, to adequately 
describe the claimed invention. An applicant is permitted to be his or her own 
lexicographer. The E.coli rmf gene and amino acid sequences are well-described in the 
prior art and in the specification. The endogenous gene from E. coli has been reported in 
the literature and is a known sequence, although perhaps with some natural variation. 
Applicants have defined, consistent with the prior art definition, the E. coli rmf gene as 
being the sequence shown in the prior art. The Examiner states that the specification 
does not provide the specfic SEQ ID NO: of the E. coli RMF gene, but only cites to 
literature references. This does not indicate that the E.coli rmf gene is not described. 

This issue is directly on point with the recent CAFC decision in Capon v. Eshhar (03- 
1480, -1481), wherein the court stated that a sequence which is known in the prior art is 
not required to be repeated in the specification. The court reasoned that applicants are 
not required, and are actually specifically discouraged from reciting in the specification 
that which is well-known in the art. Obviously, if the court does not require recitation of 
the well-known sequence in the specification, there is no reason it needs to be recited in 
the claims. 

The E. coli RMF gene as well as an upstream sequence containing expression 
control sequences was clearly known in the art at the time of the invention. As stated in 
the previous response, figure IB of Yamagishi et al. EMBOJ. (1993) 12: 625-630, which 
is cited in the specification and pointed to by the Examiner, shows the deduced promoter 
sequence as well as the sequence of the upstream region. 

Furthermore, the invention is NOT the well-known E.coli rmf gene already taught 
in the prior art, but a method of producing L-amino acids by disrupting the endogenous 
E. coli rmf gene which results a novel and unobvious increase in amino acid production 
and excretion by the Escherchia coli cell. Therefore, applicants have clearly and 
adequately described their invention such that one of skill in the art would recognize that 
applicants were in possession of the invention at the time of the invention. 

5 



PAGE 10/22 * RCVD AT 10/14/2005 3:17:41 PM [Eastern Daylight Time! * SVRjUSPTO-EFXRF- 6/38 * D»S:2738300 * CSID:7037780013 * DURATION (mm-ss):09-20 




10/14/2005 14:15 



7037786613 



PAGE 11/22 



Att-y Diet. No.: US-1460 U.S. App. No: 10/023,71 1 

The Office Action states that many E.coli rmf genes with widely differing 
structural, chemical, and physical properties are included, however, it is not clear that the 
claim is being read in tight of the specification and prior art. The E. coli rmf gene has 
been well-characterized in the prior art, and some variation is possible to exist among cell 
types, even though they belong to the same genus and species. However, such variation 
does not represent “widely differing structural, chemical, and physical properties.” but 
represents natural variation taught in the prior art and easily discemable as such by a 
person of ordinary skill in the art. The Examiner cannot read the claims in a vacuum, 
and when the claims are read in light of the prior art and specification, it is clear that the 
rmf gene and protein are well-characterized and well-described entities. 

The Office Action states on page 4 that there is no disclosed nucleotide sequence 
and structure that is common to the genus of E. coli rmf genes. In this statement, it is 
clear the Examiner is not reading the claims in tight of the disclosed and well- 
characterized nucleotide sequence which is the rmf gene taught in the prior art 

In regard to the assertion that other types of amino acids, such as a 
liphatic, aromatic, hydroxylic, etc., are not shown as being increased by the methods of 
the invention, Applicants continue to respectfully assert that two exemplary amino acids 
are sufficient to describe the genus. 

The mechanism of the invention is that bacterial growth in a stationary phase is 
increased by disruption of the rmf gene, and thereby L-amino acid-productivity is 
increased (see page 3, first incomplete paragraph of the specification). Furthermore, 
Examples 2 and 3 of the specification show that growth of the rmf gene-disrupted strain 
WC196Armf is improved as compared to the parent strain WC196 (see Fig. 1 and Fig. 4). 
Similar results were shown in the Rule 132 declaration file in response to the previous 
office action (see Fig. 1(A)). Also, similar results are also expected such that rapid 
growth of a bacterium leads to the improvement of the production rate of L-amino acids. 
Therefore, two exemplary amino acids are considered sufficient to describe the claimed 
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invention. 

For at least the foregoing reasons. Applicant respectfully submits that Claims 1 
and 6 fully comply with 35 U.S.C. § 1 12, first paragraph, and therefore respectfully 
requests withdrawal of the rejection thereof under 35 U.S.C. § 1 12. 

In the Office Action, beginning at page 4, Claims 7, 8, 12 and 13 were rejected 
under 35 U.S.C. § 1 12, first paragraph, as reciting subject matters that allegedly which 
are not described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. Applicant respectfully requests reconsideration of this rejection. 

In regard to the strain WC 1 96Armf, this strain can be prepared from the deposited 
strain WC196 (AJ13069) according to the description in the specification, and therefore, 
a deposit of this strain is not required for enablement and/or description of the invention. 

The strain WC196 (AJ13069) has been deposited under the Budapest Treaty. A 
copy of the receipt of the deposit is attached to this response. The strain WCl96Armf can 
be constructed by disruption of the rmf gene according to well-known techniques as 
described in, for example. Example 2 of the specification. As a temperature sensitive 
plasmid used for disruption of the rmf gene, pMAN997 is used in Example 2 of the 
specification. The plasmid pMAN997 can be prepared from known plasmids pMAN03 1 
and pUC19 according to WO99/03988. pMAN031 is described in J. Bacteriol., 162, 

1 196-1202 (1985) (copy enclosed). In particular, please note the scheme on page 1 198. 
pUC19 can be purchased from, for example, Takara Shuzo. 

For at least the foregoing reasons, Applicant respectfully submits that Claims 7 
and 12 fully comply with 35 U.S.C. § 1 12, first paragraph, and therefore respectfully 
requests withdrawal of the rejection thereof under 35 U.S.C. § 1 12. 
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Conclusion 

For at least the foregoing reasons. Applicant respectfully submits that the present 
patent application is in condition for allowance. An early indication of the allowability of 
the present patent application is therefore respectfully solicited. 

If Examiner Fronda believes that a telephone conference with the undersigned 
would expedite passage of the present patent application to issue, he is invited to call on 
the number below. 

It is not believed that extensions of time are required, beyond those that may 
otherwise be provided for in accompanying documents. However, if additional 
extensions of time are necessary to prevent abandonment of this application, then such 
extensions of time are hereby petitioned tinder 37 C.F.R. § 1.136(a), and the undersigned 
respectfully requests that she be contacted immediately. 

Respectfully submitted, 

Ry ^ 

Shelly Guest Cermak 
Registration No. 39,571 

U.S. P.T.O. Customer No. 38108 
Cermak & Kenealy, LLP 
5 1 5 E. Braddock Road, Suite B 
Alexandria, VA 22314 
703.778.6608 

Date: October 14. 2005 
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INTERNATIONAL FORM 

BUDAPEST TREATY ON THE INTERNATIO- 
NAL RECOGNITION OF THE DEPOSIT OF 
MICROORGANISMS FOR THE PURPOSES OF 
PATENT PROCEDURE 

RECEIPT IN THE CASE OF AN ORIGINAL 
DEPOSIT 

issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this 
page . 

DEPOSITOR NAMEi Ajinomoto Co.. Inc. 

President. Shunsuke INAMORI 
ADDRESS: 15-1, Kyobashl 1-chome, Chuo-ku, 
Tokyo 104 Japan 



X. indication of a Microorganism 



(Indication by depositor to specify the microorganism) 
Escherichia coli AJI3069 — 



( Deposit Number ) 
FERM BP-5252 



II. 



Scientific nature and a position by taxonomy 



The microorganism specified in the column I was attached to documents 
in which following matters were described. 

□ scientific nature 

■ a position bv taxonomy — — 



III. Receipt and Acceptance 



*■ 

Our Internationa! depositary authority accepts the microorganism specified 
STthe i received on December 6, 1994 (original deposit datej^ 



IV. Receipt of transfer request 



Our international depositary authority received the microorganism 
SDecifled in the column I on December 6. 1994 (original deposit dat ). 

P i^d we accepted a transfer request to deposit under Budapest Treaty 
from the original deposit on September 29, ..... 

( Transfer from FERM P-14690 deposited on Dec ember 6, 1994 ) _ 



V. International depositary authority 



NAME: National Institute of Bioscience and Human -Technology 

Agency of Industrial Science and Technology 

Miohio OISHI, Ph.D., DIRECTOR GENERAL 

ADDRESS: 1-3. Higashi 1-chome, Tsukuba-shi, Ibarakl-ken, 305 Japan 



( sealed ) 



Dated September 29 , 1995 
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Construction and Characterization of a Deletion Mutant Lacking 
micF, a Proposed Regulatory Gene for OmpF Synthesis in 

Escherichia coli 

SHDWCHI MATSUYAMA and SHQJI MIZUSHIMA* 

Laboratory of Microbiology , Faculty of Agriculture. Nagoya University. Cfdkusa-ku, Nagoya 464. Japan 
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A method b presented for the cwatruetloa of » ddrtoa njBtant gg> c, -wMdihn s tom 

propose* to nerath-dy regulate ocprcBkm of At ompF goto The method tadadesi ® tamtam ,otm 
to S w rtw t-icMMto ptoanW eontotata* a <too mctenal fra gment that emit* toft gwAlng rtgot* o t At 
nfcFgew: bw do» t»i cmn m&F Its* sad *5**!^ f 

the ttrawni. The method to nppOcaUc to construction or a deletion wrtoat for any Esdi*richmc& 
etoowos^W pnw«*4 flat U b ramicFdt ktioawm 

tret*. ItictoUng nwfceUde teqpau* m&&*npP**r*&* to 

oennafly regulated and was act enhanced. Wbta rocF yrxs cloned bate a hl^w pj^ouaittr^plagnlil It 
ttmsedo^geaecxpitssiOD, wtrn»ifh»dooedlBtomlqw^eaw^iiimberpta^ttW^rrwmeso 

^ fc. «hoi • dn^ copy of the wicF gene qp foe g- coit ehru mmomo dott not pfoy a critical 

role to cmpF gene cxprtsrioc. 



The outer membrane of Escherichia coti contain two 
ln^or porin proteins, OmpF and OmpC, that serve as 
channels for the passive diffusion of small hydrophilic mol- 
emdes (25) and as constituents stabilizing the cdl surihee 
(26). These proteins are encoded by the ompF and ompC 
genes, respectively. Both genes have bean cloned 09. 23). 
add their total nudeatide s equ ences have been determined 
OS. 20). The*, studies revealed Hgfc homology In the 
{Ip d i ff** amino acid sequences as well as the nucleotide 
sequences in t he regions between ompF and ompC 
GO). On the other hand, the promoter structures of these 
genes are considerably different. 

Although the functional and structural properties of the 
two proteins are similar, the expression of the genes is 
regulated in opposite directions by the medium osmobrty 
(15, 31). As the . osmolaxity increases. OmpF swjtheds ts 
depressed; with a concomitant increase in OmpC pnrtuc- 
tion. Studies with hybrid genes, such as the ompF-bcZ and 
omp&acZ two** &> 10), and cWmerfc genes between the 
ompF and ompC genes (17) revealed that the promoter 
region is primarily responsible for osmoregulation. Expres- 
sion of ompF and ompC * tegul^ by^ and 

tr&Z ge ne s In the ompB operon (7, 11, 24, 30). The OfflpR 
protein serves as a positive regulator for the ompF and 
ompC expression; the role of eitvZ is less dear. 

Recently, Mtznno ct aL <21, 22) found a third regulatmy 
gene. mkF, which codes for a small RNA molecule. Tins 
gene to located to the right upstream of ompC* and its 
tramcr iprian direction u opposite thai of tho ompC gene. 
micF gone expression b under the control of the ompB 
operon in the same manner as the ompC gene is. The 
primary structure of the mfcFRNA is complementary to the 
5'-eod region of the ompF mRNA. and when cloned into 
pBR322 the gene inhibits the production of the OmpF 
protein. Based on there facts. micF SNA was proposed to 
inhibit translation of the ompF mRNA by hybridizing with it 



* CteTcspoodirtg author. 



and to play a critical role in the osmoregulation of OmpF and 
OmpC synthesis. 

For a critical study on the role of micF in expression of the 
ompF and ompC genes, we constructed a micF deletion 
mutant. The method includes (0 construction of a phsoud 
containing a chromosomal fragment that carries both flanking 
reghms of the micF gene but does not cany the micF geno 
itself imd (5) replacement of the corresponding chromosomal 
domain with the fragment. ompF expre s sion in th e mut ant 
was osmoregulated normally end was not enhanced, ^ 
mg that one copy of the micF scan docs not play a critical 
role in osmoregulation. Wc also examined the effect of the 
copy number of micF on ompF expression. Although when 
micF was cloned Into a hfehi-copy-number plasmid it inhib- 
ited OmpF synthesis, whoa h was dtoned into a tow-copy- 
number plasmid it did not Based on these observations, the 
rote of the micF gene is discussed. 

MATERIALS AND METHODS 

Bartetfa, bacteriophages, and plasmids. The E. coti JW2 
strains, b a c te riophages, and plasmids used in this work are 
listed in Table 1. 

Media. Expression of the ompF and ompC gates was 
studied by using medium A supplemented with different 
concentrations of sucrose us described previously (15). The 
sensitivity of tho cells to phase Ttilb was tested by cross- 
streaking on medium A with 15% (wtfvoi) sucrose. Trans- 
formation ex p e ri m e nts were carried out to 1% trypton©~CL5% 
yc&st extract. When required, ampicQUn, chloramphenicol, 
and fcaaamycifi Were added at concentrations of 50, 25, and 
30 pg/ml, respectively- For solid cultivation, the medium 
was supplemented with 1.5% agac. 

Cdl envelope preparation and potyacrylunddo gd dcc- 
fropboccsb. Preparation of cell envelopes, solubilization 
with Triton X-100, and urea-sodium dodecyl sulfote^oly- 
acrylamide gel electrophoresis were quirted out as described 
previously (24). . 

DMA techniques. Restriction endonucleases, bacteno- 
ptage T» ligasc. exo nuclease Btd 31. SI nucleaso, Hindu! 
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TABLE L Bacteria, bacteriophages. and ptorrfds 



Strain, phage, or 
pBBld 


Kafovut prepwtio* 


Reference of 

MKC 


E. cofi K12 


MC4300 


F~ AJacUJ69 arat> tprJL niA 
ihifibB 

F* MacUJ69 araD rpsL rtlA 


4 


MH760 recA 


22 




ihlfihB omp/U72 gyrA rrcA 




HO20Z 


F~ rM rel rpsL mnl X r 


32 


KO201 wipe 


ompC derivative cf HO201 


27 


YO160 rccA 


P“ thl ret rpsL ompC tmfc 


17 


CE1Q36 rrcA 


WompCJacZ) ncA 
F“ thilacY gallC mil xjl ora 


17 




rpsL sttpE ompC T6T rwCA 


This study 


SM3001 


MC4100 AmUFJ 


SM3002 


AmfcF/ transduction of 


This study 


Bacteriophages 


HO201; iCfiOf. SM3D0X 




TUlb . 


Beoqpter; OmpC and 


6 


Pike 


Gpepetysaccharide 
Used for generalized 


Oar laboratory 




transduction 


stock 


Plasmids 


pMAN002 


Cm'; vector. pACYG84; 


27 


PMAN006 


etoned gene. ampCtrdcF 
Apf; vector, pKEN403; dotted 


17 


pMANOQS 


gene, ompC micF 
Suw n PMAN006 except for 


Tbh study 


pSYM3 


direction of the clewed 
fragment 
Kn7 


33 


pEU 


Ap r ; temperaturosensitive 


1 


pKMW 


repUcoo 

Ap T ; vector, pBR322; cloned 


n 


Plasmid ill 


gene, fpp promotcrv 
controlled facZrlacY opera 
Ap r : vector, pKM005; cjooed 


22 


PKEN4Q3 


oeoc. micF 

ApT Kofi repticariOo origin 


K. Nakamura 


derived from pSCKH 




pACYClSi 


Cm' TV 


2 


PBR322 


AffTrf 


2 



linker (dCAAGCTTGX and BamHL tinker (dCGGATCCG) 
were obtained tram Tatars* Shuzo Co. He conditions Used 
for digestion with these nucleases were those proposed by 
the manufacturer. [7 -“PlATP labeling at the 5* cods of 
DNA fragments for hybridization and sequencing and DMA 
sequencing were carried out as described by Maxam and 
Gilbert (IS). Southern transfer was carried out as described 
previously (17), and the blot wax hybridized with a ^-la- 
beled probe (10* cpm/mJ) at 3TC m the presence of a 
deionized solution of 50 % fonnanride-5x SSC (lx SSC i% 
0.15 M NaCl plus 0.015 M sodium citrate (pH 7.01). Other 
general manipulations such as prepara t ion of plasmid and 
chromosomal DNAs, digest ! 00 with restriction endooncle- 
oses, ligation, and transformation were performed as de- 
scribe d previously (17). 

RESULTS 

Construction of plasmid 0MANO3& Deletion of the micF 
region from the chromosome was ouried out in two steps: (1) 
construction of a plasmid containing a chronosoonl DNA 
f ra gme nt that carries both flanking regions of the grief gene 
but docs not carry the rmcF gene itadf, and (u) replacement 
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of the corresponding chromosomal domain with the frag- 
ment, For tfus purpose, pMAN036 was flm constructed. 
The procedure for its construction is shown in Fig. 

L Structures or the Individual plasmids shown in Fig. 1 were 
confirmed by DNA restriction analysis. 

pMANOOS, pMAN002, and pSY343 were used as starting 
ptamrids. Deletion by Ba/ 31 digestion was performed for 
pMANOOS and pMANOlS to construct pMAN024 and 
pMANOTS, respectively. For pMAN024. digestion was initi- 
ated at the Sail rite located about 550 nucleotides down- 
stream from tbs possible micF termination signal (22) and 
touched the micF promoter region. For pMAN028, digestion 
was initiated at fhcFgfll sito Located near the promoter-prox- 
imal end of ompC and reached the promoter-distal end of 
tnicF. The extent of the deletion was determined by size 
analysis of the BomHI-Bg/D fragment for pMAN024 and of 

the Satl*BamKl fragment for pMAN028. 

From these plasmids was constrocted pMAN029. Since 
we wanted to construct other plasmids together with 
pMANQ29. the process (Fig. 1) was somewhat complex. 
Plasmid pMANQ29 carries both flanking regions of the mtcF 
gent hut carries the kaxnmydn resistance (KmO gene in 
place ctmicF. The structure of the plasmid was confirmed 
by DNA r estric tio n analyses and the presence of both the 
Km T and ompC genes- The vector domrin ofpMAN029 was 
then replaced by that of pACYCW carrying the chloram- 
phenicol resistance (Cm 1 ) gene to focOitaie the selection of 
pMANOtt. Finally, from pMAN033, pKM004, and pEL3 
was constructed pMAN036. This plasmid carries 0) the 
ompC-mfcF reg io n of the chromosomal DNA in which the 
m/cFgene is reputed by the Km* gene, (fl) a temperature- 
sensitive repticon, nod (til) the (pp promoter-controlled lacZr 
lecFoperoa. AH of those characteristics except the absence 
of ndcP were confirmed biochemically. The structure of 
pMANQ36 was also confirmed by DNA restriction analysis 
of the entire plasmid. 

Construction of a chromosomal muiaid with mfcF ddefion. 
A micF deletion mutant was constructed by replacing the 
rmcF-ontpCtc&an of the c hr o mo some with the K ttf-ompC 
region ofpMANOtt via homologous recombination (Fig. 2). 
Use of the tcrapcramre-scnsltivc rcplicon-carrymg plasmid 
enabled ns to isolate transformants in which the plasmid had 
integrated into the chromosome. Use of the Km r and Inc 
genes arranged as in pMANQ36 fac i li tat ed selection of dm 
micF delation mutant. 

2?. coll MC4100 (Aloe) was transformed with pMAN036 
and grown at 30*C for 2 fu It was farther incubated on 
lactoso-MacCookey plates containing kanamy dn (30 pg/ml) 
at 42°C overnight. Since pMAN03fi has the tcmpcratnrc-scn- 
ntiva repllcon. the transformants should appear as Km r 
colonics u 42°C only after incorporation of the plasmid into 
the chromosome (1. $). Most of the transformants appeared 
as red colonics (Km* Lac’*), indicating that the plasmid had 
beat integrated into the chromosome by n single crossover 
at either region A or B (Fig. 2). About 1% of the transform- 
ants appeared as white colonies (Km r Lacy). Provided that 
the events shown in Fig. 2 did take p lac e in the transform- 
ants* they are the most probable candidates for chromo- 
somal mutants carrying the micF deletion. 

Determination of the genomic structure of SM3001, a micF 
deictic m mutant. Three experiments were performed to cotv- 
firm the gene structure of the relevant region of strain 
SM3001, one of the presumed mtcF deletion mutants. First, 
Pi transduction was carried out with strain SM30Q1 as the 
donor and strain HO201 ompC as the recipient. All of the 300 
Km r transdnetants isolated were OmpC% indicating that the 
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FIG. 2. Replacement of the micF-cmpC region of the chromo- 
some wish the mteMete tod corresponding region in pMANOM. 
Strain MC4100, a edoc Azam, wastiansfonnod with pMAN036<Ffe. 

1) and iocahaxed at <TC On lactesc-MacCcmkcy plates oortaalfig 
lamny da FiestBtd integration into (he chromosome bjr homolo* 
gout itcowbaation takes place at cither region A or region B (a). 
Xaflifam aflti having the ptasmtd in the chromosome arc Kst' 
Lac*. In (he cast of recombination at regioo A. subsequent pjwmid 
8fg TfjMiCT from the chromosome by boinotegotts rexamh initf ion 
takes place at other of the regions indicated by dotted lines in (b). 
Us results in ooe of the chromosomal ctmeftre* Ae*m m (e). The 
segregated plannWt are lost m (be ceHs became of the tobiEty to 
rcpUcaXn mitowmoasly at 4TC* Recombination for ptaestsd segro* 
gotten ox legion A gives the same chromosomal structure as that of 
an imtamfbn&edccO, ifceioiiccembioition at region B resoles is 
replacement of the m/cFgctic with the Km* gene. This mkF deletion 
mutant is detected a$ a white colony (Lee") on a bctcoo-Mae- 
Con koy plate co ntaining knnamycin. When recombination for 
plasmid fat egarfo n takes place at region B (a), the subsequent 
process is principally (he same. The symbols used are described in 
(be legend to Fig. L 

Km f gene is very closely linked to the o/npC gene oo the 
chromosome. 

lit (he second experiment, the chromosomal DNA of 
strain SM3001 was analyzed by Southern hybridization to 
confirm the absence of the micF gene- When the2.7-kik>basc 
(kb) fir/ncUU fragment carrying the ompC-mlcF region iso- 
lated from pMANCXXZ was used as a probe, hybridization 
with (he Jftndni digest of the wild-type chromosomal DNA 
took place at the position of 2.7 kb as expected (Fig. 3 A. lane 

2) , On the other hand, the probe hybridized with the HbrdTD 
digest of the strain SM30Q1 chromosomal PNA at the 
position of 4.2 kb CFig, 3A, lane 3). This size was the same as 
that of the ffinitU fragment of pMANQ33 that carries the 
ompC region in which the micF gene, has been replaced by 
the Km r gene. No other bands were observed on Southern 
blotting- Hybridization analysis was also performed with a 



B 

2 





FIO. 3. Southern blot analyse* of (bo mtcF chromosomal dele- 
tion. A mixture «f phCANOOZ and pMAH033 (tew* X) and chromo- 
stand DNA from stains MCflOO (lanes 2) and SM3001<J&i>ea 3) w 
digested with HlnOlU and analyzed as described in the teat. The 
£?-kb fragment containing the rrdcF-ompC region from pMANOOS 
(A) and the 120-bp fragment comainhig n Uiger pan of the micF 
gene (Fig. 4) (B) were used as probes. The HMBJl fragments of 
bacteriophage X DNA were need for a andarto tion of die base 
length. 



220-base-pair (bp) fragment carrying a larger part of the 
micF gene. The probe hybridized with the JE/mdIII digest of 
strain MC4100 chromosomal PNA at the position of 2,7 kb* 
but no significant hybridization was observed with the 
Hintm digest of strain SM3001 chromosomal DNA (Fig. 
3B). Weak hybridization took place at the position of 4.2 Kb. 
As revealed later by DNA sequencing analysts* the 4,2-kb 
HbtdXSl fragment of strain SM3Q01 stilJ possessed a small 
portion of the promoter-distal end of the micF gene that 
shares 17 nuc l eotides with the 120-bp probe (Fig. 4). Taken 
together* these results de m ons tra te that (?) the mfcF gene is 
almost folly deleted and replaced by die Km r gene in (he 
mutant strain SM3001 chromosome and (£i) (he wild-type £. 
chromosome possesses only one copy of micF. 

In the third experiment, the relevant region of strain 
SM3001 chromosomal DNA was redoned into a plasmid, 
and the nucleotide sequence was determined. The chromo- 
somal DNA of strain SM3001 was digrsted with //uidlll, and 
the fragments that migrated to the 4,2-fcb region on an 
agarose gel were cloned into the /findin site of PACYC184, 
which in turn was used to transform strain GEIQ36 recA. 
Transformants were first selected for On' Xxrf. All four 
transformants thus selected were sensitive to phage Tulb, 



FIG. 1. Co&nrection of phonrid pMAN03&. c=j, Chramoxonml DNA of (he mtcF-ompC region. The short and te ns arrows io (ho open 
boxes indicate the coding region and (ho direction of transcription of micF and ompC P respectively; broken orw represents the 
Donfimcdotklng empC gene, the upstream region of which has been deleted, <> awl Cod ins repo® duvefioo o f tum scnpitoo of 

iocZ-iacT and Knf, respectively* , vector pfasmid DNA: tempcmnrc-sciuicivc repheon. The restriction endonucleases used arc 

shown in parentheses (abbreviations: B. BarnHI; Bg. BgftX; H, Ilinam; P, Pttl ; Pv, MX; 5, Sad*. Ocavngnsi^ nro shew* Whence* 
^ 7 y n^ cleaves ai m o re than one site lu a plasmid, the rites ore dis tin guished with numbers, eg. Bi and Bj, S a nd I * outside pmentncscs 
denote small end large fragments, respectively, formed as a result of digestion with the e n rfan pcte asc. AU pfasmids were uarofcfrod into scram 
VQ ldo rtcA. exceptfof pMAN032* pMANOOS, and pMANQ36, whteh were transferred inlo steam MH760 rccA. Antibiotic resistance genes 
aod ptosnnd rises are abo indteoted. 
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B 

AGWCAGAA7AAT(WU^TGTGTAAAGAAG667MAAAAA^C(^TGC€ASGCATCCfiGTT6AAATA6$G6TP ^ACAGACATTUgflAAT GAATGAC G 
TC6T6TCTTAnACTTTTCACflCATTTCTTCCCAI llll TTTC6CTTAC6CTCC6TAG6CCAACTTTATCCCCA1 rtt?tCT6TAfl&7CTTTACTTACTSC 



CT MTA^ TAAASTT MTGAT^T A6CG£GAfiTTATTCTASTTGC£tfireAAGCrrTTGTniGACATTCAGTGCT6TCAAATACTTAA€AATA^TTftT 

STTATnATnCAAfTACTACTAT^CCTCAflTAi^ 



TGATTTTAACCTTfiAATTATTATTGCTTGATErfAfiGTBCTTATTTt 5CWnCCGCAATMTCTTAAAAAGTTCCCTT6CAnTACATTTT6AAACATC 
ACTAAAA7TGGAACTTAATAATAACSAACTACAATCCACGAATAAAC XGTAAGGCSTTATfA6ftATTITTCAA€GGflAC6TfAATGTAAA ^CTTTGTft6 

j 

fltf 



-33 PB 

TAT*6CBftT4flflT8(IAACATCnAftflA6'TTTTilGTATCftT*TTO6TEn664|TATTCIGC4TmTGG0GASAATE6ACT76CeG»Cre4nAAT6AE6 
AT»TCGCTATTTACTTT6 TASAflTTTTCAAAflTCATAGTATAA6CACAACCTAWAfl6AC6TAAAAftCCCtTCTTAGCT6MCGGCTMCTAATTACTCt 

RC. 4 . d?<A scnocncg analysis of ih* chromosomal mfcf deletion. (A) Strategy for nucleoti d e icqpcndng.Tly fftiicF^ompC regSoo on the 
mutant chromosome which was clotted into pMAN042 is shown. The symbols and abbreviations used are described Jn the legend to Rg, 1, 
He. Hindi, Small Mi«n outside Ac bo* Indicate fragments used far sequencing, With Ac position of the ^P^aheted 5* cud indicated (•). 
The broken rtgtoo of an arrow indiciacs that the sequence of tfert region was not determined, (B) Nucleotide sequence around the mkF-ompC 
region. The nucleotide sequences ditemuned are underlined. The mteF region that was deletal and re placed by the KfflT gcipeanyiiig 
fr agment Is bo*cd Pots between the two strands indicate sequences complementary to ompF mRNA Arrows. Transcriptional Erutiaijon sites 
for mieF and otnpC (22), (ribnow boxes (FB) and -35 regions for the *mcF and ompC promoters are also i nd icated CO. Ab cavy b nc above 
Ae sequences radicates the 120-bp fragment used asa probe Gor the hybridization analysis (Fig. 3). Thu fragment was kindly prepared by T* 
Mizuno, The broken fine indicates that the exact location of Ac terminus was net determined. 



which re qui r es the OmpC p r ot ein as a receptor. The restric- 
tion map of the 4.2-kb Nittml fragment thus dotted was the 
same as that of pMAN63ti (data not shown). From these 
results we conclude that the strain SM30Q1 chromosome 
indeed carried Ac 4.2-kb fflndVLt fragment of pMANOSA 
One of the plasmids, pMAN042, was used for DNA sequenc- 
ing to confirm deletion of the mieF gene directly. The 
AzmHI'JfezmHI snbfragmem of the 4-2-kb fragment, which 
originated in the FM vector plasmid, was removed, and the 
DNA sequences of the 90-bp HincVrBamJH and 310-bp 
BamBJ-Bgai subfragments were determined (Fig. 4A>. Com- 
parison with the known DNA sequences revealed that the 
HindUBamHl fragment represents sequences downstream 
from micP and the BamHl-BgiU fragment represents the 
right upstream region firam the ompC promoter (Fig. 4B). 

that the promoter region and the region comple- 
mentary to the ompF mRNA of the mieF gene were almost 
fully delated. Rom all the evidence described above, we 
concluded that strain SM3001 is a mieF deletion mutant, 

of ompF and ompC in the ndcF d ftrtftm mutant. 
The mieF gene codes for a small ENA molecule whose 
primary structure is complementary to the upstream end of 
ompF mRNA. and the mieF RNA was proposed to inhibit 
the translation of the ompF mRNA (22)- It was also pro- 
posed that inhibition by Ac mieF RNA « responsible for 
osmoregulation of ompF gone expression. It was therefore 
expected that the mieF del e tion would cause deregulation of 
amp? expression. Contrary to this expectation. ompF gene 
expression in Ac rrncF mutant was still osmo regulated 
normally and was not enhanced (Fig. 5). In feet, expression 
was sfightly r epres sed. Abo unexpectedly, ompC gene ex- 



pression was dgntficanily enhanced, especially at low osmo- 
lality, although it was still osmoregtilated. The en h a nc ement 
of ompC gene expression wife some repression of OmpF 
gene expression in the mieF mutant will be. discussed below. 

In any event ,iti$d ear that osm orcgnlatio n of ompF gene 
expression was maintained in fee mieF mutant and that the 
mieF deletion Ad not enhance OmpF synthesis, We con- 
clude, therefore, that fee presence of Ac mieF gene is not 
cmdal for osmoregulation of OmpF synthesis in wild-type 
J£» eoB. 

Effect, of mieF copy number on express!*® of ompF. The 
mieF gone domed mto a trigh-copy-number plasmid re- 
presses ompF gene expression (22). On the other band, the 
present work suggests that a single copy of the mieF gene on 
the chromosome docs not repress ompF gene expression. 



VH0201 . :.'SM30Q52 *.*. 

. ompC o* y .‘ ^ ~ 

’ OmpA % "y -*<■: * 

[siidxiset’V.. VO* 0 ./V*» f.; 



FIG. 5. Expression of ompF and ompC in the mfcF deletion 
mutant. Snalns HO201 (wfld-typo) and S^Mf/)wcre 
grown with die indicated concentration* (wi/vol) of werose. Triton 
X-lOtemo table fraction* (25 ms of protein) were prepared from ceU 
envelopes and analyzed on polyacrylamide gels. The position* of 
OmpC. OmpF. and OmpA are indicated. 
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FIG. 6. Construction of g«te*«nyiflg pbustids pMANQSS 
sod pMANQS*. In plasmid m (22>. the mfcFonymg CX28 tag- 
mess (300 bp S) b inaerttd between fbeXtal sites 09. The snow 
in the box represents ntief. The LM£b JP-tf I*// MdXSl fragment from 
plasmid Ztl m figsted with the 3Mb ftd-JZradHI vector fragment 
from pBS322 or the 3Mb FalrMntSm vector tagmem from 
PKHN403 to construct pMAN055 end pMANOSd. respectively- The 
jtiuaares of die two pbsmids dMn constructed wens confirmed by 
DMA restriction analysis. See the legend to Fig. 1 for other 
abbreviations. 



We therefore examined the effect of the nucF gene clo n ed 
Into p la s m ids at different copy numbers. pBR322 and 
pKEN403 were used as tdgh- and low-copy^onmbcx plasmid 
vectors, respectively. The mfcFgene-earrying fragment was 
prepared from plasmid in (22) and cloned into pBR322 end 
PKEN403 to consmict pMANOSS and pMANGSfi, respec- 
tively (Rg. 6). The rntio of the copy number of pMANOSS to 
that of pMANOSS in strain MC4100 was about 5 to 1 (data 
not shown). Strain MC4100(pMAN055) lost the ability to 
produce OmpF (Fig. 7* lane 1). whereas in 
MC4100(pMANQ56), no stgxiificaiit repression of OmpF syiv- 
thesis was observed (Ftg. 7. lane 2). The results were the 
same irrespective of the osmolarity of the medium. The copy 
number per gemnne equivalent of pMANQ$6 was assumed to 
be about six, since the vector domain of the plasmid was 
derived from pSOLOl (3). It is reasonable to assume, there- 
fore* that a single copy of the mkF gene on the B. colt 
chromosome b insufficient to repress ompF gene expression 
significantly. 



DISCUSSION 

Techniques of sene replacement between plasmids and 
chromosomes via ho mol ogous recombination have been 
developed (8, 14, 28). The techniques require (i) a plasmid 
that cannot teplicai© cxtrachro m c co m a fly and GO a simple 
selection method for the plasmid Integrate and also one for 
segregating the plasmid from the plasmid integrate (Fig* 2). 
A plasmid integrate is a strain in which a direct nontandem 
duplicate of bacterial sequences separated by vector sc* 
quonecs is Integrated Into the chromosome via homologous 
recomb ination. 

The method of gene replacement we have developed in 
this work is unique in the following points. Tbc use of n 
plasmid carrying the Krtf and foe genes is the major advao^ 
tage of the present method, especially for the construction of 



a deletion mutant, since a deletion mutant can be efficiently 
obtained by ooe-step selection for Km r Lac'" on MacConkcy 
plates without knowing the phenotype caused by the muta. 
tion. The use of a plasmid carryin g the tcmpcratun>scnsitive 
repUcon that cannot replicate at 4Z*C is another advantage 
over the use of a ColEWike plasaud <$). whdsc replication 
depends on the polA gene (IQ, because m the bUtar case the 
construction strain cannot be transformed with a plasmid 
that is unable to replicate In the pMA background. Our 
xnctbodology is applicable to the isolation of mutants carry* 
ing deletions of any JE. cob chromosomal gene provided that 
it is dispensable. 

Wc constructed a mfcF deletion mutant by the procedure 
described above. Tho deletion was confirmed by various 
genetic and biochemical te$ts, including nucleotide sequence 
analysis. We also confirmed that the wfld-type f, coH 
chrom o s om e, from which the oncF d el e ti on mutant was 
constructed, possesses only one copy of the mkF gene. 
Contrary to expectation on the bams of the proposed func- 
tion of mfoF. ompF expression was not enhanced and was 
stiU osrooregukited normally in the mkF mutant. indicating 
that the micF gene on the chromosome does sot play a 
critical role in osmoregulation. 

It should also be noted that in the mkF deletion mutant 
ompC gene expression was enhanced, with slight repression 
of ompF gene expression. The promoter regions of ompC 
and mkF are located next to each other on the E. coii 
chromosome (22). It can be assumed, therefore, that both 
promoters compete with each other for an RNA polymerase 
molecule, so that the deletion of one of them e n ha n ces 
expression of the ocher. This view was supported by recent 
analyses of expression of the two genes (unpublished data). 
The decrease in ompF expression in the mkF deletion 
mutant may bo a result of the high expression of ompC . 

It was reported that the micF gene cloned in a high-copy- 
n umber plasmid repressed ompF expression (22). This re- 
sult, together with the present work, suggests that the gene 
dosage would be crucial to the fVmcdontag of the infcF RNA 
as a repressor. Thai view was supported by the results 

presented in 1 % 7, where it can be seen that the micF gene 
cloned in the low-copy-number plasmid did net r e press 
ompF gene expression. Thking aO the results together, wc 
conclude that ^Uh^pg h the micF gene has the potential to 
repress ompF gene expression and osmoregulation as re- 
ported previously (21, 22), one copy of k on the chromosome 
is insufficient for it to play a critical role in osmoregulation 
under the conditions we employed in this work. 

Recently, Schnaitman and McDonald obtained & deletion 
mutant tacking the mlcF-ompC region (29). OmpF synthesis 
in the mutant was partially constitutive; OmpF synthesis is 
significant In high-osmoterity media. The micF deletion 



• * • . 

*•> v * 

.OnwC> ^ 

dmpF~ 

FIO. 7. Hflfcct of the copy number of mkF on expressfoa of 
ompF. Strains MC4100(pMAN053) (born 1), MC4lOO(pMAN056> 
(buxcs2), nd MC4XOO (lanes 3) were grown lu fA) medium A and (B) 
medium A supplemented with 8% (vnfool) sucrose. Triton X-100- 
insotoble fractions (25 pg of protein) were papered from edl 
envelopes and analyzed on polyacrylamide gas. Tho positions of 
OmpC. OmpF. and OmpA are iodfoaicd. 
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mutaot we used In the present study was ompC*. We are 
presently dndying the effects of ompC on mfcFftactfoo. 
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